Commonly injured ligaments in the wrist encompass the triangular fibrocartilage complex (TFCC) and the scapholunate intrinsic ligament (SLIL). While TFCC is an essential stabilizer of the distal radioulnar joint and ulnocarpal joint, the SLIL is important to preserve normal wrist kinematics and to avoid carpal malalignment.
contiguous slices, with a high signal-to-noise ratio.
2 Technical innovations within high-field strength magnets and dedicated wrist coils have enabled better imaging with higher spatial and contrast resolution. In accordance, recent publications have demonstrated improved accuracy in detecting wrist ligament injuries using 3 T field strength compared with low-field, 1.5 T imaging.
3,4
Meta-analysis on the diagnostic accuracy of unenhanced MR imaging versus MR arthrography suggests superiority of the later to detect SLIL and TFCC injuries. 4, 5 It applies for both direct MR arthrography, where a contrast medium is injected directly into the joint, or indirect MR arthrography using delayed imaging after intravenously contrast administration. [5] [6] [7] However, there seems to be no essential differences in the diagnostic ability between the two methods.
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From a clinical perspective, arthroscopy is the reference standard for diagnosis and evaluation of wrist ligament injuries, which further allows direct operative treatment of found pathology. 9 Nonetheless, an accurate MR imaging protocol is valuable for preoperative planning and to avoid an operative procedure if not needed. The aim of this study was to assess the diagnostic performance of pre-and postcontrast, 3 T indirect MR arthrography, in the diagnosis of SLIL and TFCC injuries using wrist arthroscopy as reference standard.
Patients and Methods
We retrospectively evaluated consecutive patients with suspected SLIL or TFCC injury, whom in the period from April 2009 to September 2013, had pre-and postcontrast, 3 T indirect MR arthrography done before arthroscopy. Fifty-one patients (53 wrists, 30 left, and 23 right hands) were identified. One male and one female were included with bilateral injury. Thereby, the study population contained 27 male and 24 female patients with a median age of 38.3 years (range, 14-68 years). Exclusion criteria were age younger than 14 and older than 75 years, prior fracture or ligament injury in the wrist at question, cognitive disorder, or language problems. The Regional Ethical Review Board at Lund University approved the study and all patients gave informed consent to participate.
MR Imaging
All MR examinations were performed with a 3-T scanner (TIMTrio, Siemens Healthcare, Erlangen, Germany). Patients were placed in a prone position, with the arm over the head and imaged with a circularly polarized transmit-receive wrist coil. Immediately after the unenhanced MR examination, patients had an intravenous injection of gadopentetate dimeglumine 279.3 mg/mL (Dotarem, Guerbet, France), 0.2 mL/kg body weight, and maximum volume of 20 mL. Patients were allowed to leave the scanner room with instructions to move their hand normally. Half an hour after the contrast injection, the second examination was started. Imaging sequences before contrast injection included short tau inversion recovery (STIR) images and T1-weighted images in the coronal, axial, and sagittal planes. After contrast injection, T1-weighted, fat saturated (FS) images were acquired in the axial and coronal planes. Details of the sequence parameters for the pre-and postcontrast imaging in the indirect MR arthrography protocol are given in ►Table 1.
Image Analysis
Images were assessed independently, by two senior radiologists with more than 10 years of experience within musculoskeletal MR imaging. The observers were blinded to clinical information and arthroscopic findings. The SLIL was categorized as: normal, with a partial tear (edema and deviant ligament signal), or as a full-thickness tear (discontinuity of the dorsal and proximal segments). The palmar segment was not evaluated. Based on Palmer's classification, 10 TFCC lesions were classified as "central" within the avascular part of the horizontal disc, not distinguishing between traumatic (class 1A) and degenerative etiology (class 2). An ulnar avulsion of the TFCC (class 1B) represents a detachment from the ulnar styloid and onward to the foveal attachment on the ulnar head. This lesion can be associated with an ulnar styloid fracture. Also, we registered if there were any sign of TFCC tear, which encompass classes 1A through 1D tears, capsular detachments, as well as injuries to the meniscus homologue.
Arthroscopic Assessment
Surgery was performed by 11 hand surgery specialists. Time from MR examination to arthroscopy was median 140 days (range, 11-561 days). The surgeons were aware of the results from the preoperative MR report. The wrist arthroscopy was performed under axillar nerve block or general anesthesia. We used a 2.7-mm arthroscope (Stryker-Howmedica, (Kalamazoo, MI) to examine the wrist through standard radiocarpal and mid-carpal portals. A probe was used to assess tension and attachment of the TFCC as well as integrity of the SLIL. TFCC injuries were classified according to Palmer. Step-off or malalignment, and probe turns easily in the SL joint space. 
Results
Arthroscopy of the 53 wrists demonstrated 16 Geissler stages II and III partial tears and 6 stage IV total SLIL ruptures. Central perforation of the TFCC was found in 24 wrists and 12 wrists had an ulnar, class 1B lesion.
The diagnostic performance, for pre-and postcontrast, indirect MR arthrography, in the detection of any SLIL rupture, partial, as well as total, and to specifically detect a total SLIL rupture, are given in ►Table 2. imaging (►Fig. 1). There was no difference between the preand postcontrast techniques to detect a total SLIL rupture. Overall, negative predictive values were higher than positive predictive values. Interobserver agreement was moderate (κ ¼ 0.49) using precontrast imaging, while it was good (κ ¼ 0.80) for postcontrast MR arthrography. The diagnostic performance for pre-and postcontrast, indirect MR arthrography for detection of any TFCC tear, or to specifically diagnose a central tear or a class 1B rupture, is given in ►Table 3. To detect a TFCC class 1B tear, values for sensitivity (0.50 and 0.47 vs. 0.40 and 0.33), accuracy (0.85 and 0.75 vs. 0.70 and 0.72), and positive predictive value (0.50 and 0.44 vs. 0.40 and 0.33) were higher for both observers using postcontrast indirect MR arthrography compared with precontrast imaging (►Fig. 2). Although positive predictive values were higher than negative predictive values to diagnose TFCC central tears, it was the opposite for detecting of TFCC class 1B tears. Interobserver agreement was fair using either precontrast imaging (κ ¼ 0.26) or postcontrast MR arthrography.
Discussion
There is a limited number of clinical studies which have evaluated the diagnostic performance of indirect MR arthrography in patients with suspected SLIL or TFCC injuries.
6,13-15
Overall, results from these studies are inconclusive and may not necessarily apply today due to technical development of MR imaging as well as improved understanding of detailed anatomy of these injuries.
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In this study, MR imaging was performed according to the department's routine wrist protocol for indirect MR arthrography. A strict comparison of the pre-and postcontrast imaging would not be justified, as the former includes just one fluid-sensitive STIR sequence in the coronal plane together with T1-weighted sequences in the coronal, axial, and sagittal planes, while the later involves FS T1-weighted sequences in the coronal and the axial planes. Therefore, it could be argued that the precontrast imaging should have included more fluid-sensitive sequences such as proton density and STIR imaging. Nonetheless, this study allows us to evaluate the diagnostic performance of our pre-and postcontrast protocol for 3 T indirect MR arthrography.
A limitation of our study is our reference standard; the arthroscopy was performed by several surgeons. Although it reflects everyday life at our department, and all surgeons were hand specialists, it increases variability in interpretation of the agreed-upon diagnostics for wrist ligament injuries. In addition, the surgeons were not blinded to the preoperative MR report. Other peripheral TFCC pathology than central tears and class 1B lesions were not differentiated because numbers were limited and lesions not clearly definable. It hampers our ability to evaluate TFCC lesion in general and may explain the divergent result for any TFCC tear versus central and class 1B lesions. A further short coming is the limited sample size and retrospective nature of the investigation. Finally, in some cases, the timespan from MR imaging to arthroscopy could have had an impact on comparability due to deterioration or healing of the present injury, or the addition of a new trauma. The strength of our study is the comparative design and that it includes all consecutive patients who underwent our indirect MR arthrography protocol using 3 T imaging technique.
Our results indicate that the diagnostic performance of postcontrast MR arthrography is better for the overall ability to detect any SLIL tear, while precontrast MR imaging appears just as accurate to detect total SLIL ruptures. The advantage of postcontrast MR arthrography in diagnosing SLIL tears is supported by a higher interobserver agreement. For TFCC lesions, postcontrast MR arthrography is better than precontrast MR imaging to diagnose class 1B tears.
Notably, higher negative than positive predictive values for both pre-and postcontrast MR imaging techniques in our study suggest that they are more reliable to rule out than to confirm total SLIL ruptures as well as TFCC class 1B lesions. The opposite was found for the more prevalent TFCC central tears. It is important to be aware that predictive values highly depend on the prevalence of the abnormality that is tested. Therefore, it is more certain that a negative result indicates no abnormality if the lesion is rarer, and it will be less certain that a positive result represents an abnormality. Evaluation of chronic wrist pain is a challenge. A detailed anamnesis and thorough clinical examination together with radiographs including relevant stress views are mandatory. However, clinical provocative tests may not suffice to rule out the presence of relevant pathology, and total ligament ruptures cannot always be visualized on radiographs due to intact secondary stabilizers.
17,18
MR has become the most important imaging technique to assess intra-articular pathology. At indirect MR arthrography, contrast diffuses from synovia into the joint space where it creates an arthrographic effect which enhances distinction between structures. With direct MR arthrography, there is a distention of the joint which cause separation and stretching of structures for better visualization. Furthermore, the increased intra-articular pressure will force contrast through lesions in ligaments and their attachment. 19 Theoretically, direct MR arthrography should have an advantage in small joints such as the wrist with less volume to distend. However, a clear diagnostic advantage of direct MR arthrography compared with indirect MR arthrography, for detection of intrinsic ligament or TFCC injuries has not been demonstrated. 8 The drawbacks of direct MR arthrography lie in the invasiveness of the method, the technical complexity with injections into one or more joint compartments, and the time consumption.
In the vast majority of cases, a partial SLIL tear can be treated with arthroscopic technique, while a total rupture may require an open procedure and ligament reconstruction. 20 Therefore, the distinction between a partial tear and a total SLIL tear is important. As in this study, the value of MR imaging to diagnose complete SLIL ligament tears has previously been demonstrated. 21, 22 TFCC class 1 tears are in principal unrepairable due to the avascularity of articular disk. In contrast, TFCC class 1B tears encompass a range of reparable injuries where the proximal insertion on to the fovea represents the main stabilizer of the distal radioulnar joint. 23 Earlier, a poor ability to detect class 1B TFCC lesions has been reported for indirect as well as direct MR arthrography. 14, 21 We believe that our indirect MR arthrography protocol using slice thickness of 2 to 3 mm and very narrow slice gaps (0.2-0.3 mm) adds to its diagnostic performance.
2
Arthroscopy is the reference standard to detect wrist ligament injuries as it allows direct visualization and functional testing of the involved structures. 9 However, MR imaging as a noninvasive procedure plays an important role in diagnostics and preoperative planning in cases where the clinical evaluation is uncertain or when additional pathologies such as: synovitis, tendinosis, bone marrow abnormality, occult fractures, or cartilage lesions 2 are suspected. Based on results from this study, we find postcontrast indirect MR arthrography to have an advantage in the search for SLIL tears, but it may be of particular diagnostic value in the examination of patients with ulnar-sided wrist pain and suspected TFCC injury.
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